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I Title: Angle head grindinQ method and apparatus^ V 
Field of invention 

This invention concerns angle head grinding in which surfaces 
perpendicular and parallel to an axis of rotation are ground 
simultaneously by a single grinding wheel. 



Background to the invention 



EP0505836 describes an angular grinding wheel for 
simultaneously grinding a cylindrical surface and a radial end 
surface, or shoulder, of a workpiece. Much of the disclosure 
in EP 050583 6 is concerned with the gauging and dressing of the 
two perpendicular grinding surfaces Ga and Gb around the 
periphery of the wheel so as to ensure that as the surface Ga 
removes material from a cylindrical region of the workpiece and 
the latter moves in a direction parallel to the Z-axis, just 
the right amount of material is ground away from the end face 
of the adjoining shoulder as the proximate cylindrical region 
is ground by the perpendicular face Ga, so as to leave a 
correctly sized and ground shoulder. In order to achieve this, 
reference surfaces RSa and RSb are provided on the grinding 
wheel and complex gauging and dressing steps are required to 
ensure that the surface Gb is of sufficient extent (measured 
parallel to the X-axis) as to extend radially beyond the 
shoulder so as to ensure that no undercutting of the shoulder 
can occur . 

It is an object of the present invention to provide an 
alternative grinding method and apparatus for angle head 
grinding which obviates the need for much of the complex 
gauging and wheel dressing such as is required using a process 
and apparatus such as described in EP0505836. 
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apparatus which allows angle head grinding to be performed 
without the need for special wheels and which can be performed 
without the need for movement of the workpiece parallel to the 
Z-axis . 

Summary of the invention 

According to one aspect of the present invention, a 
conventional grinding wheel is mounted on a grinding machine 
wheelhead for movement parallel to the X and Z-axes of the 
machine (where the Z-axis is the axis of rotation of the 
workpiece and the X-axis is perpendicular thereto) , and wherein 
the wheel is mounted for rotation about an axis which remains 
parallel to the workpiece axis of rotation, X and Z-axis drive 
means are provided for moving the wheelhead relative to the 
workpiece parallel to the X and Z axes respectively, and 
control signals for determining the advance along the X and Z- 
axes are derived from a programmed computer which causes the 
wheelhead to advance towards and into engagement with the 
workpiece along a line of action which subtends an angle of 
less than 90° to the Z-axis, the angle of approach being such 
as to simultaneously plunge grind an annular shoulder at an end 
of the cylindrical surface and to grind the cylindrical surface 
adjoining the shoulder during a single advance of the wheel 
towards the workpiece . 

Ty pic ally the line of action achieved by the two X and Z 
movements of the wheelhead is 45° to the Z-axis. However 
different angles of approach may be employed. For example 
where the amount of material to be removed from the cylindrical 
surface is greater than that to be removed from the adjoining 
shoulder, the angle may be less than 45°. Where the reverse 
is the case, the angle may for example be greater than 45°. 

This aspect of the invention also lies in a method of 
simultaneously cylindrical and face grinding a workpiece using 
a conventional grinding wheel wherein a wheelhead on which the 
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grinding wheel is mounted is moved simultaneously parallel to 
and perpendicular to the axis of rotation of the workpiece so 
as to define a line of action along which the wheelhead moves 
towards and into engagement with the workpiece to perform a 
single plunge grind along that line of action, the amount of 
material removed from the cylindrical and radial faces of the 
workpiece by engagement with the grinding wheel being just 
sufficient to form the shoulder and adjoining cylindrical 
surface in the single plunge grinding operation. 

It is an advantage of the method and apparatus proposed by this 
aspect of the invention that a conventional grinding wheel 
mounted for rotation about an axis which remains parallel to 
the workpiece axis of rotation, can be used for this purpose 
so that where the cylindrical surface which is to be ground 
extends over an axially greater distance than that 
corresponding to the width of the wheel, as will normally be 
the case, the cylindrical surface can be ground in a 
conventional manner such as by means of a series of adjacent 
plunge grinds leaving an annulus of unground material which 
extends axially over a distance which is less than the width 
of the wheel from an adjoining radial shoulder which is to be 
ground to size, where-after the wheelhead is advanced along a 
line of action selected in accordance with the invention so as 
to remove the unground annulus and grind the adjoining radial 
face to size in a single plunge grind along the said selected 
l ine, of action. 

This first aspect of the invention also lies in a computer 
controlled grinding machine when programmed to advance a 
wheelhead carrying a conventional grinding wheel mounted for 
rotation about an axis which remains parallel to the workpiece 
axis of rotation, along a selected line of action into 
engagement with a workpiece where the line of action extends 
at an angle of less than 90° to the axis of rotation of the 
workpiece, so that unground material forming part of 
cylindrical surface of the workpiece and an adjoining radial 
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end face of the workpiece can be ground in a single plunge 
grind, in which the wheelhead moves along the said line of 
action into engagement with the workpiece and away therefrom 
after grinding. 

According to a second aspect of the invention, in a grinding 
machine in which a conventional grinding wheel is carried on 
a wheelhead which is itself adapted for movement along a first 
X-axis, a workpiece is rotated about a second perpendicular 
axis, the Z-axis, and is mounted on a carriage which is movable 
parallel to the Z-axis, and wherein the wheel rotates about an 
axis which remains parallel to the workpiece axis of rotation, 
and an X-axis drive is provided for advancing and retracting 
the wheelhead parallel to the X-axis and a Z-axis drive is 
provided for moving the carriage parallel to the Z-axis, and 
signals are derived for controlling the X and Z axis drives 
from a computer which is programmed to generate appropriate X 
and Z axis drive control signals to produce simultaneous 
movement of the wheelhead and workpiece such that the movement 
of the wheelhead relative to the workpiece is along a line of 
action which subtends an angle with the Z-axis which is less 
than 90°, whereby the external cylindrical surface of the 
grinding wheel serves to remove material from the cylindrical 
surface of the workpiece and an adjoining circular face of the 
wheel engages the said radial shoulder of the workpiece to 
grind the latter to size as the wheelhead is advanced along the 
sa id^ line of action. 

This second aspect of the invention also lies in a method of 
simultaneously grinding cylindrical and radial faces of a 
workpiece using a conventional grinding wheel in which the 
latter is advanced along a line which is perpendicular to the 
axis of rotation of the workpiece but which rotates about an 
axis which remains parallel to the workpiece axis of rotation 
throughout, and the workpiece is moved axially in a direction 
parallel to the axis about which the wheel is rotating, so that 
the movement of the grinding wheel relative to the workpiece 
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is along a line of action which subtends an angle of less than 
90° to the axis of rotation of the workpiece, so that the 
external cylindrical surface of the grinding wheel will remove 
material from the cylindrical surface of the workpiece to be 
ground, and an adjoining circular face of the wheel will engage 
and remove material from the radial face of the workpiece, and 
the angle made by the line of action relative to the axis of 
rotation is selected so that just the desired amount of 
material is removed from the said radial face, as the external 
cylindrical surface of the wheel removes material from the 
cylindrical face of the workpiece to bring it to size. 

This second aspect of the invention also lies in a computer 
controlled grinding machine in which a workpiece is movable by 
means of a carriage along an axis parallel to the axis of 
rotation of the workpiece and perpendicular to the direction 
of advance and retraction of a wheelhead carrying a grinding 
wheel in which the wheel is mounted for rotation about an axis 
which throughout remains parallel to the workpiece axis of 
rotation, when programmed to move the wheelhead and the 
workpiece carriage along the two orthogonal directions so as 
to produce a net movement of the wheelhead relative to the 
workpiece along a line of action which subtends an angle of 
less than 90°, relative to the axis of rotation of the 
workpiece . 

Wheire the plunge grinding _can be performed quickly it is not 
essential to ensure that cooling fluid flows reliably over the 
grinding wheel and the workpiece surfaces. However where it 
is desirable to introduce coolant so as to restrict the rise 
in temperature of the wheel or the workpiece or both, a third 
aspect of the invention provides a modified grinding wheel for 
use in either of the methods and apparatus described in 
relation to the first and second aspects of the invention, 
wherein the external edge face of the grinding wheel is formed 
so as to provide two grinding faces of which one parallel to 
the axis about which the wheel rotates, but which comprise 
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first and second f rusto-conical surfaces, the first frusto- 
conical grinding face being perpendicular to -the second f rusto- 
conical grinding face, and the grinding wheel is mounted for 
rotation about an axis which makes the same angle with the axis 
of rotation of the workpiece as the first f rusto-conical 
surface makes with the axis of rotation of the grinding wheel, 
so that the said first f rusto-conical surface will 
cylindrically grind the cylindrical workpiece surface, and the 
wheel is mounted on a wheelhead which itself is movable at 
least perpendicularly to the axis of rotation of the workpiece 
and can either be moved parallel to the axis of rotation of the 
workpiece, with separate drives to produce the said two 
perpendicular movements, to advance the grinding wheel to 
towards the workpiece along a line of action which is 
perpendicular to the axis of rotation of the wheel, or the 
workpiece is mounted on a carriage which itself is slidable 
parallel to the axis of rotation of the workpiece, and drive 
means is provided for moving the said carriage, and the 
wheelhead and carriage drive means are operated so as to 
achieve the same relative movement between the wheel and the 
workpiece, along the said line of action, so that however it 
is moved, the wheel moves into engagement with the workpiece 
along the said line of action, and coolant is dispensed into 
the workpiece engaging region at least between the said second 
f rusto-conical grinding surface and the radial shoulder of the 
workpiece being ground. 

According to this third aspect of the invention, in a method 
of simultaneously grinding cylindrical and radial surfaces of 
a workpiece, a grinding wheel having two perpendicular f rusto- 
conical grinding faces around its periphery is mounted for 
rotation about an axis which is co- axial with the coincident 
axes of the two cones of which the f rusto-conical grinding 
surfaces form a part, the grinding wheel is mounted on a 
wheelhead so that one of the said orthogonal f rusto-conical 
grinding ~ surfaces will cylindrically grind a cylindrical 
surface of the workpiece, and relative movement is effected 
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between the wheelhead and the workpiece so that the wheel 
engages the workpiece with the said one of the frusto- conical 
surfaces engaging to the cylindrical workpiece surface, and the 
other f rusto-conical surface simultaneously engaging the radial 
surface which is to be ground, and a single plunge grind is 
performed along the line of action defined by the said relative 
movement such that just the required amount of material is 
removed from the two orthogonal surfaces of the workpiece as 
to leave both ground to size after the single plunge grind, and 
coolant fluid is directed into the region of engagement between 
at least one pair of grinding and workpiece surfaces . 

The third aspect of the invention also lies in a computer 
controlled grinding machine having a grinding wheel mounted on 
a wheelhead thereon for rotation about an axis which is coaxial 
with the coincident axes of two orthogonal f rusto-conical 
surfaces formed around the periphery of the grinding wheel, 
wherein the machine is programmed to produce relative movement 
between the wheelhead and the workpiece along a line of action 
which is perpendicular to the axis of rotation of the wheel so 
that a single plunge grind will remove material from a radial 
and a cylindrical surface of the workpiece simultaneously. 

Whereas it is generally unnecessary to dress a conventional 
grinding wheel other than to maintain a true surface around the 
periphery of the wheel for grinding, the modified grinding 
wheel proposed by the third_aspect of the invention may involve 
the need to dress at least one if not both of the frusto- 
conical grinding surfaces, particularly that which engages a 
workpiece face . 

The invention will now be described by way of example, with 
reference to the accompanying drawings in which the three 
Figures illustrates the three different aspects of the 
invention . 
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In Figure 1 the bed of a grinding machine 10 has mounted 
thereon a slideway 12, 13 on which a Z-axis platform 14 is 
mounted for movement parallel to the Z-axis, ie the axis of 
rotation of a workpiece generally designated 16 carried between 
centres 18 and 20. A Z-axis drive 22 moves the platform 14 on 
the slideway 12, 13 to position the platform axially relative 
to the Z-axis and therefore the workpiece 16. 

Carried on a second slideway 24, 25 is a wheelhead 26 on which 
is mounted a motor 28 carrying a large diameter conventional 
grinding wheel 30. An X-axis drive 32 serves to move the 
wheelhead 26 perpendicular to the Z-axis along the slideway 24, 
2 5 to advance and retract the wheel 30. 

The workpiece 16 includes two cylindrical regions 34 and 36 
with a radial shoulder 3 8 between the larger diameter region 
34 and the smaller diameter region 36. The centre 18 extends 
from a fixed tailstock 40 and the centre 20 from a headstock 
42 which includes a rotational drive motor 44 and driving 
device 4 6 for engaging a pin 4 8 which protrudes from the larger 
diameter end 34 of the workpiece 16. The engagement between 
4 6 and 48 causes the workpiece to be rotated relative to the 
centres 18 and 20 around the Z-axis. 

A computer 5 0 provides control signals for the X and Z drives 
and receives signals from one or more gauges such as 52 and 
optionally 53 to control the motion of the platform 14 and 
wheelhead 2 6 carried thereon so that the wheelhead and 
therefore the grinding wheel 3 0 moves relative to the machine 
10 along the dotted line 54 . 

The computer 50 is programmable so as to alter the angle that 
line 54 makes to the Z-axis and is also programmable so as to 
perform conventional plunge grinding to cylindrical ly grind one 
or both of the cylindrical regions 34 and 36 of the workpiece 
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as required. 

Figure lA shows in larger scale the movement of the grinding 
wheel 30 towards the junction between the smaller diameter 
region 3 6 and the larger diameter region 34 of the workpiece 
16 shown in Figure 1. The direction of movement between the 
grinding wheel 3 0 and the workpiece is shown by the dotted line 
54 in Figure lA. 

Figure 2 is similar to that of Figure 1 except that the 
wheelhead is mounted for movement parallel to the X direction 
only on two slideways 56 and 57 carried by the machine 10. 
Movement parallel to the Z-axis is achieved by mounting the 
tailstock and headstock on a carriage 58 having its own Z drive 
60 . 

Relative movement between the wheel 3 0 and the workpiece 
generally designated 16 achieved so as to describe a similar 
movement to that of Figure 1 along a line such as 62 (shown in 
Figure 2) , by supplying appropriate signals from a computer 5 0 
to the X and Z drives 32 and 60 so that as the wheelhead 2 6 is 
moved towards the vrorkpiece, so the carriage 58 is moved along 
the Z-axis. 

To this end the carriage is slidable on a second slideway 64, 
65 also mounted on the machine 10. 

Figure 3 is similar to Figure 1 in that a grinding wheel is 
carried by a wheelhead 26 having an X-axis drive 32 for 
movement perpendicular to the Z-axis on a slideway {not shown) 
carried by a platform 14' , itself slidable on rails 12' and 13' 
carried by the machine 10 . A Z-axis drive 22 moves the 
platform 14' along the rails 12', 13' parallel to the Z-axis. 

A computer 50 provides appropriate control signals for the X 
and Z drives 32 and 22 so that the wheelhead 26 describes a 
path parallel to the dotted line 70 so as to bring the wheel 
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into engagement with the workpiece. 

As best seen in Figure 3A, the grinding wheel edge is formed 
to provide major and minor f rusto-conical grinding surfaces 72 
and 74 respectively. The two surfaces are orthogonal so that 
when viewed edge, the two surfaces define two perpendicular 
edges 76 and 78 which are parallel respectively to the smaller 
diameter cylindrical surface 3 6 and the radial surface 3 8 
between it and the larger diameter workpiece region 34 , By 
moving the - grinding wheel in the direction of the arrow 80 
towards the vertex between the radial surface 38 and the 
cylindrical surface 36, so material can be removed from the 
workpiece in a single plunge grind. Material still to be 
removed by the plunge grind is shown in the cross-hatched area 
82 between the two f rusto-conical surfaces 72 and 74, and the 
workpiece . 

It is to be understood that the modified grinding wheel shown 
in Figures 3 and 3A can also be used to remove material from 
the cylindrical surface 3 6 and/or the surface 3 4 away from the 
shoulder 3 8 by plunge grinding so as to bring the f rusto- 
conical surface 72 into grinding contact with the cylindrical 
surfaces of the workpiece as appropriate. 

Referring back to Figure lA, it will be - seen that if the 
grinding wheel 3 0 is moved closer in towards the shoulder 3 8 
and .cylindrical surface_ 36 along the line 54 as previously 
described, a point will be reached where the circular face 31 
of the grinding wheel 3 0 will come into contact with a 
material which is to be removed from the shoulder 3 8 and the 
cylindrical surface 33 of the wheel 3 0 will simultaneously come 
into contact with the material which is to be removed from the 
cylindrical surface 3 6 so that continued movement along the 
line 54 will simultaneously remove material from the shoulder 
38 and the region 36 of the workpiece until the vertex is 
reached and the material forming the surface 3 6 has been ground 
to size and the shoulder 3 8 ground back to the desired axial 
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position along the length of the workplace by engagement with 
the face 31. 

In each of the cases described the grinding wheel is typically 
comprised of a central circular core and an abrasive annular 
layer containing CBN grit although it is to be understood that 
any other appropriate grinding material may be employed. It 
is of course necessary for the annular region of the grinding 
grit to extend radially inwardly by more than the radial depth 
of the shoulder which is to be ground such as 3 8 and in the 
case of the angular wheel such as shown in Figures 3 and 3A, 
needs to have a sufficient depth to enable the two frusto- 
conical surfaces to be formed. 

Since wear will occur and there will be a need to redress some 
of the surfaces of the wheel as it is used^ the annulus is of 
sufficient radial extent to accommodate the anticipated wear 
and redressing requirements so as to give the wheel a useful 
life before it has to be demounted and replaced. 
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Claims 

1. A grinding machine having a conventional grinding wheel 
mounted on the machine wheelhead for movement parallel to the 
X and Z-axes of the machine (where the Z-axis is the axis of 
rotation of the workpiece and the X-axis is perpendicular 
thereto) , wherein the wheel is mounted for rotation about an 
axis which remains parallel to the workpiece axis of rotation, 
X and Z-axis drive means are provided for moving the wheelhead 
relative to the workpiece parallel to the X and Z axes 
respectively, and control signals for determining the advance 
along the X and Z-axes are derived from a programmed computer 
which causes the wheelhead to advance towards and into 
engagement with a cylindrical surface of the workpiece along 
a line of action which subtends an angle of less than 90° to 
the Z-axis, the angle of approach being such as to 
simultaneously plunge grind an annular shoulder at an end of 
the cylindrical surface and to grind the cylindrical surface 
adjoining the shoulder during a single advance of the wheel 
tov/ards the workpiece. 

2. A machine according to claim 1 wherein the line of action 
achieved by the two X and Z movements of the wheelhead is 45° 
to the Z-axis. 

3. A method of simultaneously cylindrical and face grinding 
a workpiece using a conventional grinding wheel wherein a 
wheelhead on which the grinding wheel is mounted is moved 
simultaneously parallel to and perpendicular to the axis of 
rotation of the workpiece so as to define a line of action 
along which the wheelhead moves towards and into engagement 
with the workpiece to perform a single plunge grind operation 
along that line of action, the amount of material removed from 
the cylindrical and radial faces of the workpiece by engagement 
with the grinding wheel being just sufficient to form the 
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shoulder and adjoining cylindrical surface in said single 
operation. 

4. A method according to claim 3 in which the cylindrical 
surface which is to be ground extends over an axially greater 
distance than that corresponding to the width of the wheel, the 
cylindrical surface is ground in a conventional manner (such 
as by means of a series of adjacent plunge grinds) leaving an 
annulus of unground material which extends axially over a 
distance which is less than the width of the wheel from an 
adjoining radial shoulder which is to be ground to size, where- 
after the wheelhead is advanced along a selected line of action 
so as to remove the unground annulus and grind the adjoining 
radial face to size in a single plunge grind along the said 
selected line of action. 

5. A computer controlled grinding machine when programmed to 
advance a wheelhead, which carries a conventional grinding 
wheel mounted for rotation about an axis which remains parallel 
to the axis of rotation of a workpiece, along a selected line 
of action into engagement with the workpiece, wherein the line 
of action extends at an angle of less than 90° to the axis of 
rotation of the workpiece, so that unground material forming 
part of a cylindrical surface of the workpiece and an adjoining 
radial end face of the workpiece can be ground in a single 
plunge grind, in which the wheelhead moves along the said line 
of ac tion into engagement with the workpiece and away therefrom 
after grinding. 

6. A grinding machine in which a conventional grinding wheel 
is carried on a wheelhead which is itself adapted for movement 
along a first X-axis, a workpiece is rotated about a second 
perpendicular axis (the Z-axis) and is mounted on a carriage 
which is movable parallel to the Z-axis, and wherein the wheel 
rotates about an axis which remains parallel to the workpiece 
axis of rotation; an X-axis drive is provided for advancing and 
retracting the wheelhead parallel to the X-axis, a Z-axis drive 
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is provided for moving the carriage parallel to the Z-axis, and 
signals are derived for controlling the X and Z-axis drives 
from a computer which is programmed to generate appropriate X 
and Z-axis drive control signals to produce simultaneous 
movement of the wheelhead and workpiece, such that the movement 
of the wheelhead relative to the workpiece is along a line of 
action which subtends an angle with the Z-axis which is less 
than 90°, whereby the external cylindrical surface of the 
grinding wheel serves to remove material from the cylindrical 
surface of the workpiece and an adjoining circular face of the 
wheel engages a radial shoulder of the workpiece to grind the 
latter to size as the wheelhead is advanced along the said line 
of action . 

7. A method of simultaneously grinding cylindrical and radial 
faces of a workpiece using a conventional grinding wheel in 
which the latter is advanced along a line which is 
perpendicular to the axis of rotation of the workpiece . but 
which rotates about an axis which remains parallel to the 
workpiece axis of rotation throughout, and the workpiece is 
moved axially in a direction parallel to the axis about which 
the wheel is rotating, so that the movement of the grinding 
wheel relative to the workpiece is along a line of action which 
subtends an angle of less than 90° to the axis of rotation of 
the workpiece, .so that the external cylindrical surface of the 
grinding wheel will remove material from the cylindrical 
surface of the workpiece. to be ground, and an adjoining 
circular face of the wheel will engage and remove material from 
the radial face of the workpiece, and the angle made by the 
line of action relative to the axis of rotation is selected so 
that just the desired amount of material is removed from the 
said radial face, as the external cylindrical surface of the 
wheel removes material from the cylindrical face of the 
workpiece to bring it to size. 

8 . A computer controlled grinding machine in which a 
workpiece is movable by means of a carriage along an axis 
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parallel to the axis of rotation of the workpiece and 
perpendicular to the direction of advance and retraction of a 
wheelhead carrying a grinding wheel and in which the wheel is 
mounted for rotation about an axis which throughout remains 
parallel to the workpiece axis of rotation, when programmed to 
move the wheelhead and the workpiece carriage along the two 
orthogonal directions so as to produce a net movement of the 
wheelhead relative to the workpiece along a line of action 
which subtends an angle of less than 90°, relative to the axis 
of rotation of the workpiece. 

9 . A grinding wheel for use in the apparatus according to 
any one of claims 1, 2, 5 or 6 , or in the method of any one of 
claims 3, 4 or 7, wherein the external edge face of the 
grinding wheel is formed so as to provide two grinding faces 
of which one parallel to the axis about which the wheel 
rotates, but which comprise first and second frusto- conical 
surfaces, the first f rusto-conical grinding face being 
perpendicular to the second f rusto-conical grinding face, and 
the grinding wheel is mounted for rotation about an axis which 
makes the same angle with the axis of rotation of the workpiece 
as the first f rusto-conical surface makes with the axis of 
rotation of the grinding wheel, so that the said first f rusto- 
conical surface will cylindrically grind the cylindrical 
workpiece surface, and the wheel is mounted on a wheelhead 
which itself is movable at least perpendicularly to the axis 
of ro tation of the workpiece and can either be moved parallel 
to the axis of rotation of the workpiece, with separate drives 
to produce the said two perpendicular movements, to advance the 
grinding wheel to towards the workpiece along a line of action 
which is perpendicular to the axis of rotation of the wheel, 
or the workpiece is mounted on a carriage which itself is 
slidable parallel to the axis of rotation of the workpiece, and 
drive means is provided for moving the said carriage, and the 
wheelhead and carriage drive means are operated so as to 
achieve the same relative movement between the wheel and the 
workpiece, along the said line of action, so that however it 
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is moved, the wheel moves into engagement with the workpiece 
along the said line of action, and coolant is dispensed into 
the workpiece engaging region at least between the said second 
f rusto-conical grinding surface and the radial shoulder of the 
workpiece being ground. 

10. A method of simultaneously grinding cylindrical and radial 
surfaces of a workpiece in which a grinding wheel having two 
perpendicular f rusto-conical grinding faces around its 
periphery is mounted for rotation about an axis which is co- 
axial with the coincident axes of the two cones of which the 
f rusto-conical grinding surfaces form a part, the grinding 
wheel is mounted on a wheelhead so that one of the said 
orthogonal f rusto-conical grinding surfaces will cylindrically 
grind a cylindrical surface of the workpiece, and relative 
movement is effected between the wheelhead and the workpiece 
so that the wheel engages the workpiece with the said one of 
the f rusto-conical surfaces engaging to the cylindrical 
workpiece surface, and the other f rusto-conical surface 
simultaneously engaging the radial surface which is to be 
ground, and a single plunge grind is performed along the line 
of action defined by the said relative movement such that just 
the required amount of material is removed from the two 
orthogonal surfaces of the workpiece as to leave both ground 
to size after the single plunge grind, and coolant fluid is 
directed into the region of engagement between at least one 
pa ir_ of grinding and workpiece surfaces. 

11. A computer controlled grinding machine having a grinding 
wheel mounted on a wheelhead thereon for rotation about an axis 
which is coaxial with the coincident axes of two orthogonal 
f rusto-conical grinding surfaces formed around the periphery 
of the grinding wheel, wherein the machine is programmed to 
produce relative movement between the wheelhead and the 
workpiece along a line of action which is perpendicular to the 
axis of rotation of the wheel so that a single plunge grind 
will remove material from a radial and a cylindrical surface 
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of the workpiece simultaneously. 

12. A method according to claim 10 further comprising the step 
of dressing at least one if not both of the f rusto-conical 
grinding surfaces, particularly that which engages a radial 
surface of a workpiece. 
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Fig. 3A 



DECLARATION UNDER 37 C.F.R. § 1.63 AND 
APPOINTMENT OF POWER OF ATTORNEY 



As a below-named inventor, I hereby declare the following: 

► My residence, post office address and citizenship are as stated below, next to my name. 

► I believe that I am an original, first and sole inventor (if only one name is listed below) or joint inventor (if more than 
one name is listed below) of the subject matter which is claimed and for which a patent is sought on an invention entitled 
■ ANGLE HEAD GRINDING METHOD AND APPARATUS ", the specification of which: (check one) 

is attached hereto 

X was filed on 26 July 2001 

as application number 09/890,181 

and was amended on 



► 1 authorize my below-named attorneys to indicate in the spaces above whether the invention is described and 
claimed in an attached specification and to provide and enter the filing date and serial number of any corresponding U.S. 
patent application, if previously filed, and the date of any amendment made thereto without further authorization from me. 

► I hereby state that 1 have reviewed and understand the contents of the above-identified specification, including the 
claims, as amended by any amendment referred-to above. 

► 1 acknowledge my duty to disclose information which is material to patentability as defined in Title 37, Code of 
Federal Regulations, Section 1.56. 

► 1 hereby claim foreign priority benefits under Title 35, United States Code, Sections 1 19(a)-(d) of any foreign 
application(s) for patent or inventor's cerfificate listed below, and have also identified below any foreign application for 
patent or inventor's certificate having a filing date before that of the application on which priority is claimed. 

Prior Foreign Application(s) 

PCT/GBQO/00022 WO 07 January 2000 

Number Country Filing Date (Month/Day/Year) 

9902256.8 GB 03 February 1999 

Number Country Filing Dale (Month/Day/Year) 

► 1 hereby claim the benefit under Title 35, United States Code, Section 120 of any United States applicafion(s) listed 
below and insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States 
application in the manner provided by the first paragraph of Title 35, United States Code, Secfion 112, 1 acknowledge the 
duty to disclose material information as defined in Title 37, Code of Federal Regulations, Section 1.56 which occurred 
between the filing date of the prior application and the national or other PCT international filing date of this application: 

Application Filing Date Status 



(Serial Number) ' (Month/DayA'ear) (pending, abandoned, issued) 



(Serial Number) (Month/Day/Year) (pending, abandoned, issued) 



Priority Claimed 
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► I hereby claim domestic priority benefits under Title 35, United States Code, Section 1 19(e) of any United States 
Provisional Patent Appllcation(s) listed below: 

Application Number Filing Date 



► I tiereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with knowledge that willful false 
statements and the like are made punishable by fine or Imprisonment, or both, under Title 18, United States Code, Section 
1001 and that such willful false statements may jeopardize the validity of the application of any patent issued thereon. 

hereby appoint the following individual(s), as my attorney(s), to prosecute this application and to transact all 
business in the U.S. Patent and Trademark Office connected therewith: Daniel C. Stelter, Registratio n _No. 40 ^30^ 

~- ► I hereby request th&t all communications concerning this application be addressed to: , 



Daniel C. Stelter, Divisfon IP Counsel 
Cincinnati Machine, A UNOVA Company 
4701 Maiburg Avenue, Cost Center ACM 
Cincinnati, Oliio 45209 

(513) 841-8100 telephone, (513) 841-7020 facsimile 
dan_stelter@cinmach.com electronic mail 

Signature of First Inventof^ " 

Michael Laycock Great Britain 





Typed Name of Fiist Inventor Country of Citizenstiip 

9 Newlands Drive, Cross Hills, KRl ghiev. WestJfoij<shiire_BD20 7DH, Great Britain G^^H 

■ Residence antfor Post Office Address {the same if only one address is listed, please indicate separately if not the same) 
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Date 
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